replicated the original experiment: SCRs to the CS+ were significantly greater than for the CS-(p < 0.05; Figure S2 ), and correlated negatively with state anxiety. On day 2, however, SCRs to the CS+ and CS-no longer differed. Unlike conscious fear learning, which is known to persist over time [5] , fear acquired nonconsciously is thus subject to rapid forgetting.
Previous attempts to investigate nonconscious conditioning (for example, [8] ) used backward masking to suppress briefly-presented stimuli from awareness. However, the methodological limitations of masking (see Supplemental Information), as well as insufficiently rigorous measures of awareness used in past studies [3] , have left the question of whether a new fear association can be learned nonconsciously unresolved. Here we used CFS to suppress long-duration CSs from awareness reliably (as assessed by both objective and subjective measures), and found that although the overall magnitude of nonconscious fear learning is comparable to conscious learning, it is characterized by a distinct temporal pattern. Conscious fear developed progressively over time, whereas nonconscious fear was acquired rapidly and declined swiftly.
The mechanisms underlying conscious and nonconscious fear conditioning may thus fulfill complementary roles: The initial orienting response that allows a stimulus to be associated with threat may not require awareness, but the long-term retention and expression of such learning does. Both conscious and nonconscious conditioning likely involve the amygdala, a brain region critical for the acquisition and expression of fear [9] . The amygdala plays a role in the automatic detection and processing of subliminally-presented affective stimuli [4] , but has a tendency to rapidly habituate, especially to emotionally-laden stimuli [10] . Such habituation may, in turn, prevent the formation of a stable fear association, which might lead to rapid forgetting in the absence of other processes that involve awareness. The neural mechanisms that distinguish learning with and without awareness are thus fertile ground for further investigation. [3] . We analysed the ATOM amino acid sequences to identify homology to known protein families and to determine the phylogenetic distribution of the closest relatives of ATOM. Surprisingly, our results clearly refute the link between ATOM and bacterial Omp85-like proteins. Moreover, we propose that ATOM is, in fact, a divergent form of the 'classical' Tom40. Tom40 and members of the Omp85 superfamily are b-barrel transmembrane proteins [4] . They form the rigid channels in the outer membranes of bacteria, plastids and mitochondria, where they guide substrates across or into the membrane. The pore-forming b-barrel structure does not require a precise composition of amino acid residues, meaning that the bioinformatic analyses of proteins with large evolutionary divergences cannot rely on pairwise sequence algorithms such as BLAST. In these cases, hidden Markov model (HMM)-based sequence analyses have proven to be more sensitive and specific and have led to the identification of Tom40 homologues even in the anaerobic unicellular eukaryotes that were previously considered to be ancestral amitochondriate organisms [5] [6] [7] .
Supplemental Information
We used HHpred to search the alignment-based databases of conserved domains, such as the CDD, PFAM and SMART databases, using the T. brucei ATOM sequence as query [8] . For all of the conditions tested, we were unable to demonstrate any relationship between ATOM and the YtfM proteins in these domain databases. Moreover, the Tom40 protein family was consistently found as the best hit for the ATOM query (Figure 1) .
To find the ATOM homologues among other trypanosomatids, we searched the genomic data available at TriTrypDB (http://tritrypdb.org/ tritrypdb/). Using BLAST searches, close homologues of ATOM were identified in all Trypanosoma and Leishmania species. We further found an ATOM homologue in the genome of Endotrypanum monterogeii, an organism closely related to the Leishmania clade, a parasite of the sloth. When searching the Pfam database, the Leishmania and Endotrypanum sequences were recognized to contain a Porin_3 domain representing eukaryotic Tom40 and VDAC sequences with significant e-value support between 0.0015 and 0.2 ( Figure S1 in Supplemental Information). No connections between the ATOM and YtfM proteins were found using this method.
The protein sequence alignment of nine available ATOM sequences revealed the presence of a conserved motif in the last b-strand. This motif functions as a sorting signal for mitochondrial b-barrel proteins when taken up by the SAM complex. A different signal was described for bacterial b-barrel proteins such as YtfM [4] (Figure S1 ).
The Omp85 superfamily has two signature domains -the carboxyterminal b-barrel domain and the amino-terminal POTRA domain(s) -that participate in the assembly of the substrate precursor proteins. If ATOM were related to YtfM, the presence of residual POTRA domain(s) in ATOM would provide some support for its relationship to the Omp85 superfamily. Such support is found in plastids, where the outer membrane translocase Toc75 of the TOC translocon retained its POTRA domains [4] . However, neither we nor Pusnik et al. [3] were able to identify significant similarity between ATOM and POTRA domain sequences.
The absence of Tom40 in trypanosomes has been considered a primitive trait, i.e., suggesting that trypanosomes diverged from the eukaryotic tree of life before Tom40 arose. The presence of ATOM would provide additional support for the primitive character of kinetoplastid mitochondria and, as such, would The modelled evolution of the mitochondrial outer membrane protein translocase as proposed by Pusnik et al. [3] . The ATOM translocase was derived from a bacterial Ytfm Omp85-like protein, and it was present in the last ancestor common to all eukaryotes. ATOM has been retained by the early branching trypanosomatids, but it was replaced by Tom40 in the lineage leading to all other eukaryotes. (C) Our model for the evolution of the mitochondrial outer membrane protein translocase proposes that an ancestral Tom40 was present in the mitochondria of the last common eukaryotic ancestor and that the ATOM proteins of trypanosomatids represent divergent Tom40 homologues.
place the root of the eukaryotic tree within the superior group of Euglenozoa or between Euglenozoa and other eukaryotes [9] . Our analyses show that ATOM represents the missing Tom40 protein in the mitochondria of T. brucei and of other trypanosomatids with no clear link to the bacterial proteins. Given that all eukaryotes analysed to date contain a Tom40 homologue, we propose that all mitochondria of current eukaryotes descended from an ancestral Tom40-containing mitochondrial compartment (Figure 1 ).
Supplemental Information includes one figure and can be found with this article online at doi: 10.1016/j.cub.2012.03.057.
